First, I offer a brief critique of the theory of the information society. Second, I discuss the nature and the importance of sociospatial factors in technological evolution, and detail how sociospatial factors affected the emergence of particular forms of business-to-consumer (B-to-C) electronic commerce in Japan, one via a neighborhood convenience store and the other via cellular telephones.
2 Sociospatial dimensions of technological adoption in the information age The impact of information technologies has been analyzed through multiple scopes and dimensions (Brunn and Leinbach, 1991; Cairncross, 1997; Castells, 1989) . For some, its role as urban infrastructure has been the most prominent (Graham and Marvin, 1996; Malecki and Gorman, 2001; Townsend, 2001) , whereas for others, the emergence of and interactions within cyberspace are primary concerns (Brunn and Dodge, 2001; Dodge and Kitchin, 2001; Kitchin, 1998; Warf, 2000; Zook, 2001 ). Yet, few studies have emerged that explain how certain sociogeographical factors affect technological evolutionary paths differently across societies. In particular, few have adopted an explicitly comparative view, with links to theories of the information society.
As Castells (2001, page 4) suggested,``people, institutions, companies, and society at large, transform technology, any technology, by appropriating it, by modifying it, by experimenting with it.'' Despite global accessibility, electronic commerce (E-commerce) markets remain segmented by national borders. Data from Ernst & Young (2001) show that less than half of the E-commerce retailers in the USA engage in international sales. Countries show different rates of technology adoption; Scandinavian countries lead the world in wireless communications with short-message services, and the most economically advanced Asian economies, such as Japan, Singapore, and Hong Kong, have also eagerly adopted cellular telephones. German and Japanese consumers are purchasing car navigations systems, (2) whereas American consumers are far less likely to own them. Web-surfing is still predominantly a PC-based activity in the United States, whereas Japanese consumers have increasingly shifted to cellular telephones for this purpose. Clearly, society-specific processes are at work in determining the choice of technologies, which in turn shape trajectories of technological adaptations.
Although abundant literature exists on the importance of historical trajectory in technological evolution (Arthur, 1989; David, 1985; Dosi, 1988; Nelson and Winter, 1982) , there is a general lack of literature on the comparative analysis of technological adoption and specifically its relationship to consumer behavior. Japan is an exemplary case where the economic and social use of information technologies has evolved in a manner distinctive from that of the United States. Although its economy has long been considered highly informational, its society has long been considered as noninformational (Aoyama and Castells, 2002; Castells, 1996; Castells and Aoyama, 1993; 1994 ). Japan's distinctive pattern of informatization is particularly intriguing as it sits most uncomfortably with conventional theories of technological diffusion, in which the economic and social use of information technologies typically are assumed to go hand-in-hand.
To understand better how social and economic factors coalesce to shape a society's evolutionary trajectory for technological adoption in view of the contemporary period in which digital technologies are making a profound impact, I seek to make an analytical distinction between the information society and the information economy. The purpose of this distinction is to clarify the comparative paradigm I employ for assessing the sociospatial implications of new technologies today.
Information economy versus information society
The theory of postindustrialism pioneered by Touraine (1969) and Bell (1973) combined three statements that are in fact analytically distinct (Castells and Aoyama, 1994) . First, the source of productivity and growth lies in the generation of knowledge, extended to all realms of economic activity through information processing. Second, economic activity would shift from goods production to services delivery. Third, the new economy would increase the importance of occupations with a high information and knowledge content. These specific assertions, however, have been disputed with such evidence as the importance of knowledge in the production system that precedes the postindustrial era (Kendrick, 1961; Solow, 1956; 1957) , the close linkages between service and manufacturing activities (Cohen and Zysman, 1989) , and the concept of services' being too problematic as an analytical category (Castells, 1976; Daniels, 1993; Gershuny and Miles, 1983; Katz, 1988; Sayer and Walker, 1993; Stanback, 1979) .
Thus, postindustrialism came to be seen as inadequate as a framework to explain the role of information in contemporary patterns of production and consumption. As Webster (2002, page 9) criticizes, the precise definition of the information society not only varies by author, but also many operate``with undeveloped definitions'' and arè`c uriously vague about their operational criteria''. Societies are no longer considered informational simply because they fit into a given model of social structure, but because they organize their production system around the goal of maximizing knowledge-based productivity through the development and diffusion of information technologies, and their applications. There is an increasing need to separate analytically the relationship between the characteristics of the production system of the informational economy and its social structure to allow effective empirical study. Such an analytical distinction is also important because the nature of interactions between the economic and societal aspects explains the diverging trends across societies in terms of employment characteristics, economic organization, as well as the adoption of certain technologies. Although the two processes are linked, they also evolve on the basis of discrete sets of logic and actors, as discussed below.
The information economy primarily refers to economic activities facilitated by information technologies, whereas the information society primarily refers to processes of social transformation facilitated by information technologies (see figure 1) informal in the sense discussed by North (1991) ], new interfirm organizations incorporating information technologies, and the greater importance of informationbased activities in the overall economy. Ultimately, the objective of technology use in the economy is to gain cost savings, time savings, and efficiency benefits in the process of production. In contrast, the information society involves a process of social digitalization, in which an increasing number of day-to-day activities, particularly the realm of consumption, is influenced by use of a variety of digital media. The consumption of technologies is prioritized by the functions that facilitate and enhance social interactions, either through intensifying communications, or enhancing data access relevant for social experiences (including leisure and entertainment). Furthermore, although the information economy can be shaped and imposed, and its process and development can be accelerated, manipulated, or altered by organizational leadership (for example, corporate strategy, government policy), the emergence of an informational society is highly path dependent, evolutionary, and its process and development are embedded in the existing practices, daily habits, and the culturally specific socialization of technologies.
The contrast between B-to-B (business-to-business) and B-to-C (business-to-consumer) E-commerce can illuminate this discussion of the interplay between the information economy and information society. Differences in pricing, cost structures, and access to the Internet have all been considered as primary determinants of E-commerce diffusion, and have been analyzed in detail (Aoyama, 2001a; OECD, 1999; US Department of Commerce, 1999) . Although economic factors have been considered a determining factor for the diffusion of both B-to-B and B-to-C E-commerce adoption, they are by no means the sole determinants, particularly for B-to-C E-commerce. This is in part because B-to-C E-commerce is a form of long-distance retailing for which the Internet serves a medium of exchange. Structural factors, such as retail conventions and practices, urban settlement patterns, and consumer shopping habits all contribute to the rate of adoption of B-to-C E-commerce (Aoyama, 2001a; 2001b) . B-to-C E-commerce has also emerged as a venue for consumers participating as producers, who produce personal web pages, disseminate information, and take part in commercial exchange such as auctions.
Issues and obstacles encountered by different societies in adopting E-commerce illuminate that structural factors, including both formal economic^organizational characteristics and informal practices, influence the choice of technologies by consumers. Thus the relationship between information economy and information society is hardly linear, resulting in distinctive paths of development for different societies. Although the Internet is recognized as a``particularly malleable technology susceptible of being deeply modified by its social practice'' (Castells, 2001 , page 5), its actual implications on space and economy remain inconclusive. To understand better the sociospatial dimensions of technological adaptation, in the following section I focus on the increasing importance of consumption, as consumers are not just passive users but actively participate in various forms of innovation.
2.2 How consumers define`convenience': sociospatial factors that result in`continuous innovation'
Conventionally, the rate of technological adoption is measured by income levels, general technological endowment, and labor attributes (that is, share of`knowledge workers' in total employment as a measure of`digital literacy'). The assumption of such an approach is primarily economic, in that factors such as the cost and replicability (mass-production capability) of technologies, as well as the educated middle class capable of mass-consuming them, are the primary causal factors for the rate of technological adoption. In reality, however, societies vary in the manner and the speed of technological adoption even when income and educational levels are similar.
The causes behind such variations are cultural (for example,`keyboard allergy' (3) ), institutional (structures of retail or wholesale sectors, strength and weaknesses of consumer versus industrial electronics, consumer behavior) as well as spatial (urban form and settlement patterns).
The difference between economic and social priorities can be most directly deduced by intended priorities that are shaped by social, historical, and geographic conditions. There are several assumptions widely accepted in the business and innovation literature. First, the early adopters are typically more technologically proficient, risk takers who are willing to pay a higher price for a new product or service than the late adopters. To generate demand that survives the initial stages of market introduction and gain a critical mass of consumers, a product needs to be accessible to consumers in its operative characteristics. Second, there is an increasing recognition of the role of the user in innovation, and that multiple feedback loops between the user (the market) and the innovator (the firm) play a major role in incremental innovation (Kline and Rosenberg, 1986; Lundvall, 1985; von Hippel, 1988) . In fact many information-technology products respond to customization by users, calling up frequently used functions, for example. Third, in order to get an average customer to alter his or her behavior, changes are best accepted when they are a logical extension of preexisting practices. The notion of continuous innovation' suggests that, if a new product or service calls for a drastic behavioral change, consumers may consider the learning cost too high for the new convenience it may offer (Jimeniz and Greenstein, 1998; Moore, 1999) . In this context, economic rationales such as increased productivity, cost efficiency, and profit maximization do not always directly shape consumer behavior. Consumers are interested in maximizing the potential of a given technology only when it is convenient. For example, despite the multitude of usage potential offered by the Internet, a Stanford University study showed that e-mail still accounts for the overwhelming majority of US Internet use (nine out of ten users), in contrast to less than half reported habitually using the Internet for E-commerce, stock quotes, job search, banking, and games (Nie and Erbring, 2000) .
The issue of affordability has been used as a means to justify the economic view. The relative price competitiveness of available services in each society undoubtedly influences consumer choice. However, affordability alone is not the sole determinant of technology adoption. More commonly, affordability is combined with other factors that drive adoption, such as preexisting infrastructure and the sequence in which related services are introduced. For example, although the number still lags that of the United States, a significant number (nearly three million) of Japanese subscribers accessed the Internet either through high-speed flat-rate access (known as ADSL service) or through cable television modem access as of early 2002. (4) By mid-2002 costs in urban areas had come down to rates comparable with high-speed network access available in the United States. As was observed with telephone rates, affordability is likely to improve further over time. For Japanese consumers, the relatively recent introduction of affordable high-speed network access, along with low ownership of personal computers, have given advantages to text messaging using cellular telephones as a relatively affordable option for the majority who are without personal computers.
(3)`K eyboard allergy' refers to the difficulty, complexity, and the lack of familiarity and experience in typing Japanese characters using a standard English keyboard. Few Japanese households owned English typewriters at home, and few had the skills to use them. Businesses used trained typists, usually women in administrative support positions, and as a result some executives still consider the task degrading.
(4) The estimated number of subscribers of broadband networks in the United States was around 10 million at the end of 2001. Given that the US population is over twice that of Japan, and with a lower home-PC penetration rate in Japan, the per capita difference between the two countries is narrowing to a negligible difference. E-commerce functions as a clearinghouse and allows the market to expand beyond the spatial scales previously assumed for certain items, and the distance-decay process of information diffusion is instantly resolved. Those markets with previously restricted geographical boundaries, such as auctions of used books, music tapes, or other collectibles now have acquired a nationwide or even global audience. Although the Internet is the ultimate tool that can potentially eliminate market imperfections resulting from thè tyranny of geography', its impact and actual effectiveness are at best variable. The sociospatial dimensions that shape technological adoption in a society involve an interplay between consumer behavior and urban form, the relationships of which are at times contradictory, at times cumulative. Spatial patterns, in this case involving population settlement patterns and modes of transportation, function as factor inputs that shape and structure technological trajectories. Consumers' choices are driven in part by the patterns of daily movement, given a certain metropolitan structure and specific net-access needs that arise from these conditions. Urban spatial structures and the available modes of transport greatly influence consumption patterns, and the allocations of competitive prices across various retail outlets may further influence shopping habits. In addition, cultural norms and household conditions, such as the presence of nonworking family members, frequency of shopping trips, and the prevalence of fresh perishable items in the diet, all contribute to forming specific consumption patterns.
3 The evolution of multiplatform web access in Japan The diffusion of B-to-C E-commerce is a highly context-specific process because it involves changing consumer behavior, which is in turn influenced by society's cultural and geographical characteristics. Adoption of certain technologies, particularly those that involve consumer behavior, evolve along a certain trajectory, largely influenced by historically accumulated knowledge. In Japan multiple platforms are used to access digitized contents, including PC-based Internet access, the wireless web accessed via cellular telephones, and satellite-produced geographic data accessed through car navigation systems. The emergence of multiplatform access arises from specific market conditions. These market conditions are shaped not only through competition, but also through sociogeophical forces which shape consumer practices and habits.
Contrasting E-commerce and M-commerce markets for Japan and the United States
According to a survey conducted by Japan's Nomura Research Institute, 7.3% of Japanese and 29.3% of Americans have had experience in using E-commerce (5) (JIPDEC, 2001) . Table 1 allows a rough comparison of the proportion of E-commerce transactions broken down to B-to-B and B-to-C. The two countries publish the data separately based on survey results, with separate breakdowns of industrial sectors and products; thus the crossnational data may not be strictly comparable, yet they provide at least general indicators of the adoption of E-commerce. For both B-to-B and B-to-C E-commerce, the United States is far ahead of Japan in the adoption of E-commerce as a means of transaction, although marked developments were observed in some sectors between 1998 and 2000 for Japan. For B-to-B E-commerce, the only sector in Japan that has overtaken the United States in terms of E-commerce penetration so far is the electronics sector. In general, it is clear that, although B-to-B E-commerce is a practice observed across various sectors in the United States, the practice is still limited and exclusive to a certain set of sectors in Japan. The delay in B-to-B E-commerce in Japan may be in part derived (5) The Japanese government defined E-commerce as``the conducting of commercial transactions (the exchange of merchandise, services, information and/or money) through electronic mediation using the Internet.'' (MITI, 1999). from its industrial organization; some sectors are governed by keiretsu (6) or other forms of long-term, organic relationships, thereby not necessitating dominant firms actively to employ tools that help in cultivating new partners and relationships. In other sectors, the market may be highly fragmented and dominated by tiny operations, none of which has the resources to justify adoption of information technologies. In other words, B-to-C E-commerce does not offer the right solution to business relationships that are not necessarily governed by conventional contractual market forces. This difference may be temporary, however, as Japan's industries reluctantly yet gradually shift toward a more open and globalized structure. In Japan, the share of E-commerce use remain negligible even for products that are popular among US consumers, such as books or compact discs, home furnishing, and travel. The only category that achieved an over 5% share in Japan is personal computers and peripherals. How can such dichotomy between the access or availability of network infrastructure and consumer adoption be explained? Japan's delay in B-to-C E-commerce is particularly striking, and contrasts with the phenomenal growth of PC-ownership and the explosion of popularity of M-commerce, the digital contents and services accessed via cellular telephone-based networks in recent years.
The wireless web, sometimes refereed to as mobile computing, is a combination of previously separate and independent trends converging through digitalization; computing, networking, and wireless technologies. The wireless web offers a new medium and a platform of information, entertainment, and commerce. It facilitates the emergence of location-based services, which involve businesses in four basic components: client terminals [cellular phones, PDA (personal digital assistant), etc], wireless networks, application server software, and content. Location-based services include tourist information, lifestyle information, point-of-interest finder, navigation, traffic control, public transport guides, social services, and emergency services. As an industry, it incorporates a multitude and variety of businesses with distinct technological specialties, such as (1) location-acquisition technologies, (2) location-related businesses and consumer services, (3) navigation and geographic data, (4) vehicle tracking and safety, (5) handsets and PDAs, (6) wireless software developers, (7) location-based software developers, and (8) network technology. In addition to technologies, the service component of the industry requires high quality customer-relations management. From the industry standpoint, E-commerce merchants are increasingly made aware that most gain effectiveness through multichannel retailing (Ernst & Young, 2001) . Portable networking offers new commercial opportunities for geographical information, and can turn the formerly analog-based information industry to a thriving digital contents industry through such media and services as vehicle location, car navigation, and wireless web-access via cellular telephones. For retailers interested in multichannel strategies, wireless web is yet another opportunity to expand their revenues. From the consumer standpoint, wireless web has its attractiveness as it expands the role of telephones from voice to digital information transmitters, from single function to multifunctional appliances.
M-commerce has so far been considered`a flop' in the United States (Delaney, 2001; Hirsh, 2002; Marcus, 2001; Sweeney, 2001) . Although over 120 million subscribers already exist in the wireless telephone industry, surveys in the United States show that the most basic form of M-commerce, text messaging, is yet to emerge, and the use of cellular telephones still remains voice centric. For most Americans, current speed of data transmission, and the lack of a`killer application', compounded by the small screen and poor service, does not justify paying an additional fee. A survey by Peter D Hart Research Associates (2000) showed that eight out of ten users felt generally satisfied with the current features offered by cellular telephones, and only 18% wished for additional features and services. Among current wireless telephone subscribers, only a third indicated that they are fairly or very likely to replace or upgrade their wireless telephones. Among various options, the most preferred upgrade was on the nationwide coverage (46% of those surveyed). Only 9% responded that the likely upgrades would include e-mail or Internet functions. Further, close to half of US wireless telephone users claim that it would not be a significant hardship to have no access to wireless telephones for three months.
In contrast, the networking platforms have increasingly shifted to wireless infrastructures for communications in Japan. This relatively new development, still embryonic in the United States, is already embraced as part of daily life in Japan and parts of Western Europe, making the United States an exception among advanced capitalist countries. Without taking various adoption issues into consideration, the`i-mode' has been assumed as an exemplary of the future for location-based services (Bickers, 2001; Kwan, 2001; Shulman, 2001 ). Japan's wireless web users are quickly catching up with PC-based Internet access. By the end of February 2002 subscription for cellulartelephone-based Internet access was forecast to surpass 50 million, with 73% of all cellular telephones being Internet enabled in Japan. (7) A recent survey showed that over a quarter (28.3%) of urban Japanese used cellular telephones to send and receive e-mails, comparable with the share (30.8%) using personal computers to send and receive emails (R&D Inc., 2001) . (8) This is a stark contrast to the USA where only 1.5% of household Internet access was made without PC-ownership, with almost half of those households using television-based cable systems. Only 4.8% of US households surveyed owned Internet-enabled cellular telephones (US Department of Commerce, 2002) . M-commerce has gained popularity in Japan with the introduction of NTT DoCoMo's`i-mode' service by the cellular telephone subsidiary for Japan's largest telecommunications provider, which pioneered the country's wireless web service. (9) The market for M-commerce in Japan is projected to grow dramatically in the coming years, from 0% of total E-commerce in 1999 to 18. (ECom, 2002) . According to the MIT's Technology Review, an estimated 72% of Japanese cell-phone owners routinely connect to the Internet, whereas only 6% do so in the United States (Knorr, 2001 ). An i-mode subscriber received, on an average day, 4.2 e-mails and sent 3.4 e-mails. Nielsen NetRating estimates that the wireless web users fluctuated between 38% and 44% of cell-phone owners during the period between January and July 2001 (quoted in Sanwa Research Institute, 2001).
Cellular telephones have been suggested as a primary reason behind Japan's altered consumption pattern particularly among teenagers and young adults. With total communications charges averaging around US $200 per month, Japan's younger generation are foregoing other entertainment costs, causing the demise of such previously popular businesses as video game arcades. There are distinct differences between Japanese and US consumers in social activities and Internet use. The difference, however, might be more perceptional rather than actual time spent. A Stanford study (Nie and Erbring, 2000) showed that Internet usage among Americans led to less time spent with family and friends, whereas the Japanese survey show that, although the use of the Internet reduced telephone calls, it increased the frequency of contacts and facilitated communications with friends and family members. In fact, twice as many users responded that communications with friends and acquaintances are the primary use of e-mails, in comparison with e-mail usage for work-related activities (R&D Inc., 2001) . For teenagers and college students, cellular telephones have become indispensable to remain connected with their social circles without parental control, and the loss of cellular telephones to them means disconnection from society at large. College students most frequently use text messaging to exchange innocuous information without specific purposes, such as their current mindset, location, and activity. Wireless web users tend to be extrovert, suffer less from loneliness, and acquire a larger number of friends as a result of this technology (Sanwa Research Institute, 2001 ). For Japan's teenagers, a cellular telephone has become a social requirement; it is so ingrained in their daily life that a real-life experiment by a recent television program showed teenagers distraught, panicky, and feeling left out and left behind by society at large when cellular telephones were taken away. Such tendency is not unique to Japan, however. Interviews with youth in Finland also reveal a similar trend (Kopomaa, 2000) . Table 2 shows the current and projected market size and the share of M-commerce use in Japan. It is notable that over 70% of M-commerce is in the`entertainment' category. This indicates, among other things, the current explosive popularity of downloadable ring tones, extremely popular in Japan and Europe. This service, first popularized in Finland, allows subscribers to download ringing tones directly to cellular telephones with a monthly fee of a few US dollars. According to media reports, downloadable ring tones are to produce an estimated US $350 million of business in Japan, and in Europe the revenue reached US $1 billion in 2001 (Chmielewski, 2001) . The popularity of this single use (with multiple varieties) dwarfed the share of total digital products in M-commerce for 2000, but is projected to decline significantly by 2005 with the increasing share of nondigital products being ordered and purchased using cellular telephones. This shows, at least for the moment, that M-commerce is regarded as a form of entertainment (especially for the purpose of personalizing cellular telephones) rather than as a way of accessing information essential to the users.
Various infrastructural and social factors are at play in the proliferation of E-commerce and M-commerce. Although infrastructural factors, such as the cost of Internet access, will be resolved in the long run, social factors (such as the historical mistrust of nonstore retailers and the unwillingness to use credit cards online) involve thornier issues of defining consumer convenience, altering existing shopping patterns, and competing with bricks-and-mortar retailers. In the following sections, a brief account of the evolution of Japan's B-to-C E-commerce through partnership with convenience store chains is presented. Then I will discuss the emergence of cellular telephone-based networking access. Through these multiple platforms, network access in Japan has evolved from ubiquity, to mobility, and most recently, to portability of access. 3.2 The evolution of E-commerce in Japan: bringing access to the storefront E-commerce in Japan has evolved through bringing network access to the storefront. Unlike E-commerce in the United States, where the emphasis has been to develop cyberspace storefronts accessible from every home and business, the evolution of E-commerce in Japan was dictated by the power of successful retail outlets, which used E-commerce to bring in more customer traffic to storefronts. Because E-commerce began in the United States, it is often assumed that high home-PC-ownership is integral to its development. This form of E-commerce, direct marketing through Internet access, made its emergence dependent on certain technological requirements, including computer literacy, PC-ownership, and the availability of credit cards. Online stores are often simply digitized forms of catalog businesses that use the Internet as a medium of exchange. In the USA, the retail sector has a long and well-established history of direct marketing, represented by its numerous catalog houses and mail-order businesses, and the practice of long-distance retailing goes back to the colonial period, in the first half of the 18th century. (10) The US mail-order industries had accumulated experience and know-how in factual catalog writing (correspondence between catalog representation and actual products), product quality assurances, accuracy and timeliness in delivery (time-scheduling method), and institutionalized return and exchange policies. Such experience has arguably facilitated the PC-based transition to E-commerce, both on the supply side (retailers with a successful track record in long-distance retailing), and on the demand side (consumer familiarity with long-distance retailing). The contrasting relationships between old and new forms of retailing in Japan and the USA has already been discussed elsewhere (Aoyama, 2001a; 2001b) . Here, I provide a brief account of the role of the convenience store in Japan's E-commerce, as an example of a distinctive trajectory in technological adoption, and to provide a contrast to the emergence of M-commerce in Japan in the following section.
Unlike US consumers, Japanese consumers have had little experience in longdistance retailing in general. Although mail-order business also existed in Japan a century ago, it never took off as a major channel of consumption. In a densely populated country where commercial zones were within reach, storefront retailing dominated the retail sector. Retailing without storefronts was often viewed in the same category as informal, door-to-door salesmen or women, who were viewed as having no community base to earn customer trust (Kurozumi, 1993) . Its urban form therefore led to the adoption and proliferation of certain sociocultural practices of consumption in Japan, which did not include nonstore retailing. Figure 2 (see over) shows a schematic representation, summarizing the interactions between social and spatial dimensions of consumption and how they affect technology choice.
For the majority of Japanese consumers, PC-based E-commerce represents a multiple layer of new practices, thereby constituting a form of`discontinuous innovation', a process more problematic for users of the given technology than`continuous innovation'. The practice is not only largely a foreign concept for consumers, but also a technologically cumbersome activity (use of personal computers) that requires significant additional investment and behavioral adjustments. High access costs (high telecommunication charges discourage both buyers and sellers), inconvenient payment systems (even today, only 16% of payments are conducted using credit cards, and over half of mail order purchases in Japan are done via postal or bank transfer) (10) The history of direct marketing in the United States began with publishing, shifted to horticulture, then was eventually adopted by catalog houses such as Montgomery Ward and Sears. For a detailed historical account of direct marketing in Japan and the United States, see Aoyama (2001b) . (Dempster, 1999) , and the lack of price competitiveness in products sold online further hindered the proliferation of this practice at the initial stages of introduction. Persistent gender roles in the Japanese households (which affects the daytime availability of household labor during commercial opening hours), combined with consumer preferences which traditionally favored service over price, and the unwillingness to travel for a competitive price, all discourage the use of impersonal media such as online purchasing.
In the process of adapting this practice to a set of activities more familiar (and therefore constituting a`continuous innovation' for Japanese consumers), convenience stores emerged as one of the players in the evolution of E-commerce in Japan. The involvement of convenience stores was first accidental, followed by gradual and incremental upgrading, but nonetheless evolved into a unique system of E-commerce proliferation. The convenience store option shows that the relationship between B-to-C E-commerce and traditional retailing in Japan is that of partnership rather than competition, suggesting a possibility for an entirely new relationship between store and nonstore retailing by bringing E-tailing to the storefront, rather than opening a storefront in cyberspace. Convenience stores in Japan, the most successful retail sector of the 1990s, have two distinctive attributes: their information networks, and their locational strategies. The largest convenience store franchise, Seven^Eleven Japan (11) conceived the point-of-sale system, which allowed just-in-time production and delivery. The initial investment in information technologies was therefore made with the sole purpose of improving delivery and restocking efficiency (Hashimoto, 1998) . Once the information infrastructure was in place, however, the same network was used to gather customer information, such as items and time purchased and gender or age of the customer, which is then relayed back to the headquarters to be used to order restocking, and to develop customer databases for later analysis. This preexisting information infrastructure laid the foundation for E-commerce adoption by convenience stores. Today, Seven^Eleven Japan not only provides such services as parcel delivery, access to automated teller machines, and life insurance packages, but also offers an online utility-bill-payment system (with bills payable to 126 utility companies including telephone, gas, electricity, and water), as well as catalog shopping. More recently, new functions are being added so that customers can purchase a variety of electronically transmittable products, such game software, music, and books, through terminals located in their stores.
The ubiquitous and strategic urban locations of convenience stores, located at virtually every major street corner in urban areas, functioned as access points for E-commerce retailing. There are 16 convenience stores per square mile in Tokyo's urban 23-wards, and in its innermost 3-wards, there are over 31 stores per square mile (Aoyama, 2001a) . This compares with 10 convenience stores per square mile in New York's Manhattan, and 1.4 stores per square mile in Washington, DC. On a per capita basis, there is one convenience store for every 2000 residents in urban Tokyo, whereas the comparable figure for Manhattan and Washington, DC is roughly one store per 6300 residents. For urban Tokyo residents, a trip to the nearest convenience store is shorter than a trip to the nearest train or subway station.
The partnership between convenience stores and E-commerce was developed in an environment where relatively low ownership of personal computers and high cost of access initially hampered widespread Internet access. With convenience stores at every major street corner, consumers can use E-commerce without purchasing personal computers, subscribing to an Internet service, or using credit cards. For most Japanese consumers, unaccustomed to the practice of long-distance retailing, convenience stores provide face-to-face interactions at each of their local storefronts, thereby reducing consumer anxiety, providing legitimacy for nonstore retailers, and making the service and product delivery far more approachable and user friendly. With the convenience store functioning as a financial as well as distribution intermediary, it provides easy access and legitimacy to online retailers and bypasses all security concerns that surround online transactions.
Convenience stores have therefore become an intermediary between traditional retailing and E-commerce in a manner that has not been observed in the USA, resulting in a B-to-C E-commerce technological trajectory based on store-front-driven E-tailing, rather than the E-tailer driven retailing typical of the US. Combining retail storefronts with E-commerce in this manner can overcome existing social and institutional constraints and simultaneously offer new possibilities for further growth in the retail sector.
The effort to bring network access to storefronts continues with a different twist. A number of fast food and restaurant chains are experimenting with wireless local area networks (LAN) and global positioning services to attract customers to storefronts. Moss Burger (the second largest fast food chain in Japan) plans to expand access to wireless LAN from 13 Tokyo outlets currently to 100 nationwide by the end of 2002, and McDonald's Japan began an experiment to start a pop-up map of nearest outlets via cellular telephone along with digital coupons using GPS service. (12) These efforts emerged with the backdrop of continued recession, deflationary trends, and heightened competition from new international chains in previously domestic and small-establishment-oriented markets (for example, coffee houses), making retail businesses desperate for strategies to retain and increase customer traffic.
The future of convenience-store-based E-commerce, however, remains uncertain. There are no publicly available data on the usage of these terminals, vis-a© -vis access through (12) Reported by Asahi Shimbun (2002) . Moss Burger reported that wireless LAN users stayed on average 10 minutes longer and spent 4% more than other customers. Some plan to use the net access to replace the function of pinball machines, jukeboxes, and video games. For example, Gusto, a major restaurant franchise chain, announced a plan to install a dozen personal computer terminals in all its 930 restaurants connected through satellite by the end of April 2002. For about a dollar per use, the terminals provide 60 different types of content, including music videos and sports highlights. other platforms. Although convenience stores served as pioneers of informatization, consumers have shown the same reluctance in using E-commerce either at home or at stores. A recent consumer survey showed that the most frequently used E-commerce service at convenience store is purchase of concert and other tickets (21.9% of respondents having an experience of using it at least once), followed by payment and delivery of products purchased through E-commerce (13.3%) (TBC, 2002) . The former is a timesensitive purchase, and the latter is a uniquely Japanese solution to accommodate consumers who are particularly reluctant to use credit cards to purchase products online because of security concerns, and also for many one-person households who tend to miss packages being delivered. In both cases, however, competition is emerging from the wireless web platform which allows direct payment to telephone bills.
The evolving medium of wireless web in Japan
The proliferation of the wireless web in Japan is another example in which a particular sociospatial condition allocates premiums on space, portability, and the ease of use differently. Although the`ubiquity' of access was being achieved through convenience stores, the issue of network access is increasingly focused on the`portability' of access in Japan. The phenomenal success of i-mode has been something of a quandary for many analysts, as i-mode is not technologically superior, has limited data transmission speed, and has many other restrictions, including the need to set up a dedicated website using a unique C-HTML language rather than the universally adopted WAP format. In spite of these technological shortcomings, Japan's consumers are flocking to this slow, limited, and mostly text-based medium. In November 2001 there were approximately 2800 official sites (endorsed by NTT DoCoMo and directly accessible through a menu-driven system) in addition to over 50 000 unofficial websites (requiring URL input for access). Although growing rapidly, these numbers are miniscule in comparison with the World Wide Web. Further, the pages that i-mode users view are limited, with the official sites representing roughly half of the overall traffic. The advantages of cellular-telephone-based services from the Japanese consumers' standpoint include relative affordability and faster access time (between turning the unit on and Internet access), and from the suppliers' standpoint, the ability to market pay-per-view contents (JIPDEC, 2001) .
The origin of wireless web service is well known in Japan through published accounts by original project team members at NTT DoCoMo (see Matsunaga, 2000; Natsuno, 2001) . Initially proposed by the Japanese subsidiary of a US-based management consultant firm, in early 1997, NTT DoCoMo put together a project group to develop a new cellular telephone-based service, which was headed by a manager along with in-house staff in their twenties and, quite unconventionally, called in a multidisciplinary team of outside experts from such areas as electronics, publishing, and the Internet industry. The team was initially split between those who anticipated wireless web to function much like a PC-based Internet access, and those who believed that the nature of the service should be distinctive to avoid direct competition from PC-based Internet access (Matsunaga, 2000) . Eventually the team selected the latter strategy, and significantly limited the contents accessible through its wireless web service. To establish a set of criteria for contents selection, the team envisioned the service to function much like that of a hotel concierge, providing guests with local information, recommending dining options, booking theater tickets, and arranging local transportation. Further, while PC-based Internet access is intended to function as an open-system information hypermarket equivalent to large-scale supermarkets for nondigital goods, the wireless web was conceived to function much like Japan's convenience stores, providing a limited yet essential array of products and services with instant access. As a result, information contents are largely restricted to dedicated websites accessible through i-mode's unique menu-driven structure. Four main areas of content include transactions (Internet banking, hotel and transport reservations, book purchase), time-sensitive information (news, weather, stock prices), database services (restaurant information, train schedules, dictionary), and entertainment (games, ring-tones, background downloading, fortune telling).
The team specifically targeted Japan's most trend-conscious, youth market (including teenagers and young adults) to capitalize on the skills of teenagers, deliberately avoiding the business clientele as the primary market. Such a strategy had seen its limits in Western Europe in the mid-1990s, although in Western Europe the target market subsequently shifted to the youth market. The rationale adopted by the i-mode development team was to exploit the skills of the Japanese youth who were already adept at using various electronic media such as video game consoles and pagers with short-message service yet remained relatively unfamiliar with personal computers. To ensure capturing this target market, the team put considerable thought into how the text-messaging service was designed. Recognizing from the outset that the most important application would be peer-to-peer communications (as was the case with the Internet in its early history), i-mode's text-messaging service was designed to be affordable and user friendly to reach a critical mass of users to make the system indispensable, and at the same time retain even the low-volume users as subscribers. To maximize the use of limited memory size, storable message length was shortened to allow more messages, and an option was added which allowed the users to view subject headings before downloading messages. Also, just as in the Western European counterparts, to add some fun and simultaneously minimize the size of information transmitted (as i-mode charges for the volume of information, rather than the length of connection), some 200 symbols were developed to replace words, such as``happy'',`f ed-up'',``angry'', and``heartbroken''. Finally, the team went through a number of technological challenges and eventually designed a handset that had a distinct shape and feel of a telephone so that the young consumers with experiences in interacting with their peers through pagers would have familiarity in upgrading it to this new communication medium. Yet, the handset had to have large enough screens to show a monthly calendar and also be sufficiently compact and equipped with a long-lasting battery to ensure reliability.
There are four societally specific factors that contributed to a wide acceptance of wireless web in Japan: market positioning, portability, urban spatial structure, and socially embedded user friendliness. First, the wireless web is attractive to Japan's consumers because of its distinctiveness from other services available in the Japanese market. At the moment E-commerce in Japan is a primarily information accessing, gathering, and retailing activity, whereas M-commerce is primarily a communication tool. M-commerce is particularly competitive in areas such as delivering digital information goods and services, and time-sensitive information, portable entertainment (games, fortune telling), and interactive communication (text messaging), but has not been competitive in retailing of nondigital goods. A recent survey showed that, whereas 70% of respondents in Japan have had at least an experience in purchasing nondigital products online, only 4% ever used such service via cellular telephone (ECom, 2002) . The most widespread experience by wireless web users was on information service subscription, followed by music and game downloading, coupon downloading, and plane or concert ticket purchases. The time ratio of usage was 60% web access and 40% text messaging, and users on average viewed fewer than 11 sites a day, half of which were menu-driven official i-mode sites, making web surfing a significantly limited experience in comparison with PC-based Internet access (NTT DoCoMo, 2001) . Therefore, wireless web complements, rather than duplicates PC-based Internet access.
Second, Japan's sociospatial conditions accord high premiums for portability and space-saving equipment, thereby creating a market for a service that provides portability of access. Portability is the most frequently cited reason for using i-mode, building on previous Japanese commercial successes, such as the Sony Walkman and the Nintendo Game Boy, that created entirely new markets by adding portability to existing technologies. Portability enabled through wireless web not only reduces cost and time of communications, it also expands the timing and the locations of communications, and enriches it through transfer of increasingly complex multimedia features (Sanwa Research Institute, 2001) . A survey by NTT DoCoMo (2001) shows that half of those surveyed stated that they used cellular phones``everywhere'', a quarter responded`w hile in transit (during commute, while out in town, etc)'', and one fifth used it either at home, workplace, or school. (13) Portability therefore facilitates ubiquity without duplicating actual equipment. The premium on space further complements portability through eliminating such duplication. The share of laptops and notebooks in the overall computer market is high in Japan, as laptops are frequently preferred over desktop personal computers for their space-saving and mobility features even within a home. Housewives, college students, and young adults might log on using the laptop on the dining table or on the bed, and put it away after use. This suggests that even PC-based Internet access is often mobile within the household in Japan.
As Kopomaa (2000) suggested in regard to the increasingly nomadic urban lifestyle observed in Finland, portability is particularly attractive to residents in large metropolitan areas where commutes are long and public transit is heavily used for travel. The heavy use of public transit and long commuting hours result in significant idle time on a daily basis, which was typically spent by reading newspapers, magazines, or books in the previous era, but is now efficiently spent by handling e-mail messages. In fact, Nintendo's portable game console was conceived when a Nintendo employee observed a businessman idly playing with his calculator while on the train. Over half of the commuters in Tokyo Prefecture used public transit to get to work in 2000, with an average commuting time of 43 minutes (56 minutes for the greater Metropolitan area) (Japan Statistics Bureau, 2002; Ministry of Construction, 2000) . According to the US Census of 1990, New York City is the only one the 50 largest US cities where average commuting time exceeded 30 minutes, with over half of the commuters using public transit. (14) Although over a quarter of the total commuters in Japan used public transit, only 6.5% of US commuters did so. The explosion of i-mode subscribers in urban areas is in part founded upon such an urban structure; whether you are out in the city for business or leisure, portable access frees you from the confines of your desk while being connected. Text messaging also substitutes voice conversation, which is considered an annoyance to fellow riders and is highly discouraged.
Third, user friendliness (that is, making the new service a`continuous innovation' through building on preexisting practices) is also the key to success for Japan's wireless web service. To reflect the ease of use of cellular telephones for Japanese consumers, a survey shows that i-mode users are significantly lower in digital literacy than PC-based Internet users in Japan. This goes against conventional wisdom, which suggests that the use of digital media is generally correlated with high digital literacy. For example, a survey conducted in Japan showed that those who engage in E-commerce using personal computers represent a tiny segment of the population with extensive knowledge of information technologies (Dentsu Soken, 2000) . However, for wireless web users, digital literacy was not only unimportant, it showed a reserve correlation; when broken down to six levels of information-literacy groups in terms of PC or Internet skills, the group with lowest digital literacy showed the highest likelihood to adopt the wireless web service (Dentsu Soken, 2000) .
Although`keyboard allergy' among Japanese consumers has been blamed for the low penetration rate of desktop personal computers in Japan (see Aoyama, 2001a) , the same issue may have worked to the advantage of wireless web to some extent. Learning to use the ten-number dial-pad to type in Japanese characters is by many considered easier than learning to type Japanese characters on an English keyboard. In fact, many Japanese youths claim that they can`blind type' a short message while keeping their cellular telephone in their pocket. By contrast, the US cell-phone owners rarely use wireless web to send messages because they are likely already to own a personal computer, and they are so entrenched with the habit of writing texts using keyboards that it is difficult to break it in the near term (Charney, 2001) . (15) Thus, just as B-to-C E-commerce was a significant`discontinuous innovation' for the Japanese consumers, M-commerce may have provided a barrier sufficiently high to qualify as à discontinuous' innovation for the US consumers.
Keyboard allergy' alone does not explain Japan's adoption of the wireless web, however. The wireless web, although to a slightly lesser extent, has been actively adopted in Western European markets, where keyboard allergy does not exist. The explanation is likely to lie in technological leapfrogging, which tends to occur in backwater areas. In Scandinavian countries the telecommunications industry was far more advanced than its computer industry, thereby paving the road to dominance over PC-based Internet access. The growth of the telecommunications industry in Finland in particular is in part driven by its vast hinterland (Kopomaa, 2000) . Thus, unlike the US market, where mass homeownership of Internet-abled personal computers was achieved early, many Japanese and Western European households lagged behind, which resulted in the absence of significant competition against wireless web adoption. The absence is particularly important for youths, who largely depend on homeownership of personal computers and parents' permission for the exposure and experiences in cyberspace interactions. (16) Thus wireless web managed to compete effectively before PC-based networking became habit-forming practices with the critical mass engaging in peer-to-peer communications. In Japan the delay in PC-based Internet access, compounded by keyboard allergy, has contributed to the digitally hungry yet relatively unsophisticated masses to flock to the wireless web. In fact, the wireless web is providing the first experience with web surfing for many Japanese youths; a survey showed that more than four out of ten active cellular telephone users in their twenties never used PC-based Internet access (JIPDEC, 2001) . For youth, wireless web is (15) Although there are multiple methods of typing Japanese characters with a regular English keyboard, none of them is particularly intuitive for Japanese speakers. By experience, using the dial pad is designed to be more intuitive for Japanese speakers, the details of which are too complex to explain here but is confirmed by the above mentioned survey (Dentsu Soken, 2000) . Using the dial pad to type English is more complex in part because letters are not intuitively divided into each numbered button. The frequent use of space keys, and the occasional use of capital letters also make the task complicated. (16) Although comparable data do not exist, US data shows that by 1989, over one in five households with children aged below 15 had personal computers at home (Venkatesh et al, 2000) . simultaneously a critical means of freedom as well as a means of ensuring connection in an increasingly geographically and socially dispersed world (Goban-Klaz, 2002) . Thus, the success of i-mode is a result of meticulously careful conceptualization and strategic marketing, as well as hardware, software, and infrastructural technologies to enable its service delivery. The i-mode development team aimed at producing a socialnetwork-intensifying tool that appeals even to the technologically disadvantaged, by ensuring easy operation and significantly narrowing access to the range of information. Their strategy of targeting the teen and young adult market, a group that is far less likely to invest in personal computers, meant that M-commerce has been relatively unaffected by the PC-based Internet access market. In that sense the team deliberately avoided the conventional practice of targeting business clientele, and planned to draw in business users only after establishing popularity among the rest.
M-commerce in Japan is evolving rapidly, with some evidence that fads and trends are largely responsible for its current popularity. The most recent report showed that the frequency of mobile web browsing decreased considerably in compared with 2000 (eM Report, 2001 . Further, the sales of cellular telephones began slowing down from the end of 2001, with fewer subscribers upgrading to newer cellular technologies that allow faster data communication, simultaneous data and voice communication, exchange of video and music clips, and transmission of real-time images. For the time being, consumers are sticking with the most basic of the communication services: text messaging. Finally, Japan's M-commerce is approaching convenience stores for partnerships, possibly opening an avenue of merger between M-commerce and E-commerce activities. Concert tickets purchased through i-mode are now picked up at a neighborhood convenience store. This means that, although the front-end (ordering) activities of E-commerce are handled through the wireless web, the back-end (fulfillment) activities are being delegated to convenience stores.
Conclusions
In understanding and predicting the impacts of information technologies on society, factors other than economic affect the ways in which technologies are adopted and used. This paper outlined the interactions between information technologies and sociospatial dimensions; first analytically separating the development of an information economy from an information society allowed an identification of and focus on consumption as an integral aspect of informatization, and second it empirically illustrated how consumers appropriate available technologies that best facilitate access and communication for the sociospatial system they are part of. As the cases of Japan's E-commerce and M-commerce have shown, technological adoption as exercised by consumers can take different paths, depending on the latent demand generated by preexisting products, cultural attributes, and urban form which determine its sociospatial system. The sociospatial systems can therefore be viewed more explicitly and analyzed as deliberate and active agents that shape the paths of technological adoption and adaptation.
Sociospatial systems are uniquely local and therefore one of the most resilient forms of institutions in the age of globalization. Universal, ubiquitous, and individualized access to networking technologies are transformed and adapted by each sociospatial system. At the time of writing, few empirical studies exist that provide in-depth analysis on the interplay between globally available technologies and local sociospatial systems, and their implications on the evolution of informatization. Particularly lacking are studies that focus on consumption, rather than production, of information, knowledge, and new technologies, and the way interactions among contemporary youths, facilitated by these networking technologies, have impacts on the future of our society.
